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K 8643 

CCRDCCmSY HBKttMG A OUIHEKFANffiH OIL SHA1S 
CXE^TS FEBMERBTUTY AND S*IB33&J>>ra,Y FKECCB OIL 

This invention relates to recovering oil fxoca a subterranean 
oil fibale by means of a oond03tiv& heat drive prrwess. More 
particularly , the invention relates to treating a relatively thick ► 
and substantially completely inpr*nreable sdbuxrsxtcato oil shale fay 
ntoans of a. conductive boating pxx>vsa» which both creates a 
permeable zone within a selected portion of the oi I shale and 
subsequently produces shale oil bytoocarbonc. 

A pfniaeabiliey-aJibd type of conductive heat drive for 
prcdiAcinq oil from a subterranean oil shale was invented in Sweden 
by F.Ljung&trxxzm. lhat process, vhiefa tora invented about 40 years 
ago* was cannarcially ueei on a skbII scale lis tho 1950s. It is 
describes in Swedish Patents N0&* 121,7371 123, L36: 123,137; 
123,133; 125,712 and 126.674, in United States Patent Wo. 
2 , 732 ,195 r and in journal articles such aa: '•Qndergrcnnd: Sl^ale Oil 
Fyxolysis According bo the Ljungstrooro HBtbod", IVA \fclune 24 
(1953) No, 3, peeps 119 to 123/ and "Net Energy Bacovories For The 
in Situ Dielectric Heating of Oil Shale", Oil Shale Symposium 
Proosodings 11, pa^a 311 to 330 U978). In the ftcedish prooasa, 
iTaat infection walls and fluid producing wells vere oorrpleted 
within a perneable near-surfam oil shale formation so that there 
was lass than a tftrea-cnetre separation betuoan the boreholea* Ihe 
heat injection wells were equipped with electrical or other heating 
olcntiiits uhich were snrrounded by a kbss of tiaterial, such as sand 
or cement, arranged to transmit heat into tbs oil shale while 
preventing any inflowing or outflowing of fluid. In the oil shale 
for vhich tlte Swedish process was designed and tested, tho 
paxmeabxHty was such that, due to a cmtin oouB inflowing of ground 
water, a exsntinuous pcarping-oat of water was needed to avoid 
wasting energy by evaporating that water. 

With respect to ^ubetantially ocopletely inpormeable, 



reJatively fltt&p and rolaLivdy thicX oil shale deposits, such as 
tbos« vn the Pieeanoe Iiaiun in tbe Urritfti Statoe, the possibility 
u£ utilizing a ocuuluetive heating urcoesa for produeinq oil *as 
previously considered to be — aooarding to prior teachings and 

5 beliefs — wrmondcally unfeasible. For exaspla, in the 

ahewe-iacntified Oil SbfOii Synposiui&# the Xjurtgatrosm process is 
characterized as o prooess which w .**auccesslully reaovenned shale 
oil by mfcegdijag tubular elenivrifwl heating eianaits within 
higlv-cfrade shale deposits, this retted relied on ordinary thenral 

10 diffusion for shade halting, *4iich, of course, requires iargu 

tesperaUTTQ gradients. Sftus, heating «as very nun-unif cxrm; _ months 
ware required to fully retort small roatu-aize blocks of shale. 
AlsOr itueh beat energy was wasted In underrating the chairs reginn* 
bryond the periphery of tile xetnctjpg ?one and overheating the 

15 shale closest to the heat ronrce. ike. latter problaD is especially 
iii^ortant iu the cose of Ttestem shales, since thenml msrqy i.n 
overhtiarbad zones, cannot be folly recovered by diffusion dno to 
d^dothotmic reaction? which take place abovo akwt WD *C* (pa^e 
313). 

?,0 In substantially in^emeable types of relatively thick 

eiihterxanean oil shale farnntuxis, the creating and riaitttaining of 
a pcrmeabia tone trough which the pyrolysis products can be flowed 
has teen found to be a severe problem. In UT> patent fto* 3,468/376, 
it ie stated (in colfi. 1 and 2) that "there are two jrochrtrtifirrg 

25 involved in the transport of heat through the oil shale. Heat is 
transfer-rod through the solid mass of oil shale by conduction* "The 
boat is VilBD transferred by convection fclurough the solid trass of 
oil shale. Ite transfer of heat by conduction is a relatively alow 
process. The average thermal oondnctivity and average tbenoal 

jo dif f qsivity of oil shale are aJwut those of a firebrick. The matrix 
of snljd oil shale has an extremely lew penreability icuch lite 
vntjhxxed poroalairu As a rosult, the convective transfer of heat is 
limited to heating by fluid flows ohcaincd in open channels which 
traverse the nil shale, 'Jhee© flow channels nay be natural and 

35 artificially induced fractures. On heating* a layer of 
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pyrolyzed oil shale builds adj&aent the channel. 19 da layer la an 
inorganic urin-ral matrix which containii varying ctegroes of carbon. 
tha layer is an ever-expanding barrier to beat flew frm the- 
heating fluid in the channel." ifce patent 1b directed to a preoeBB 
for circulating heated oil ehalfi-^pyrolyiing fluid Uir o ugh a flow 
channe3 vfrdle adding abrasive particles to the circulating fluid to 
erode the layer of pyrolyzed oil shale being fonred adjanent to the 
channel. 

Although the thermal conductivity and thomttl rii ffuslvlty of 
irony s^>terranfi&n oil shales are, is fact, relatively bmUbx to 
those of unglajted porcelain and firebrick, TO Patent N£> 3,237,689 
postulates that °a rapid advance of a itoat front" (Col. 3, line 7) 
can be obtained by exchanging haat between the oil shale and a 
nuclear reactor cooling fluid and describes systems for uatng such 
reactors either located an tb- earth's surface or in the? oil anal* 
deposit. 

OS Patent No. 3,2M,2B1 (at Col. 1, lines 3-21), IM The 
prod u ction of oil fxnm oil shale, by beating tbfl shale by various 
coeane such as ... an electrical reniBtance heater . . . baa been 
Attempted with little success** , * . Fracturing of the shale oil 
prior to the application of heat thereto by in sitq cortaustian or 
other means has been practised with little success because the 
shale bwh]13 upon hearing with consequent partial or ocnplete 
closure or the fracture. The patent describes a pmceaa of 
sequentially heating (and thus sfcfellijig) the oil ahale, then 
injecting fluid to bydraulicaljy fracture the swollen sbala, then 
repealing th03G steps until a heat-stable fracture has bean 
propagated into a production wall, 

US Patent No* 3,455,363 describe* the a<rcraiilatlon of 
partially depleted oil shale fragments within a flow channel such 
as a horizontal fraoturo being held open by tbB preeanre of tJtt 
fluid within the channel. The patent disclosos that if the channel 
roof is lifted to maintain a flow path above such a layer of 
depleted shftla, tfaa overlying retaliations must be bent and, without 
precautions, will bend to an extent causing fractures to extend up 
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to tba surface of the earth* Tttc patent Id directed to a praoe** oC 
itrtexndtteniJy rocteing the pressure an the fluid within such as 
fracture to allow ths weight of tte overburrlen to cnwh and conoaot 
the layer of depleted shale. 

5 In a significant portion of substantia) J y isnpenagable aiv3 

relatively thick oil shale deposits, such as those in the Ficaance 
Basin, a valuable resource of aXmriniina is pre se n t in the form of 
dausonite. in US Patent Mo. 3,3tf9,97S, directed to recovering 
aluminium valutas frnm retorted oil shales tfrirh have baan mined out 

10 fzom eoch deposits, it ie pointed out that, in a substantial 

absence of water* at tartppratures of about U00 C P the daw&ooite is 
converted to crystalline sodium aUotanato. Such a Nater-free 
retorting can d ajmifjoas dolomite is the shale to produce carbon 
dioxide, calcito, and loajgnesium oxide so that nagncsium oxide 

] 5 conhinftB with part of the silicon dioadde in tba slialc, in a nanner 
permitting a higher recovery of the aluminium valuag by a loaching 
process. US Patent No* 3,302,172, directed to utilizing eolation 
irrirang to recover daweonite, indttratea chat where tha pyrolyais is 
effected by an aqueous fltrirl# such as steam or the products of 

20 underground ccccbustlon, it must be conducted at a low tenperature 
and thus relatively slowly, to avoid converting the dawuonita and 
othar soluble alumlmnra ojupoun fla to an insoluble material such as 
analcite. In US Patent 3,572,838, a similar relatively low 
tenperature pyrolyeJe is alternated with injections of an aqueous 

2^ alkaline fluid oont&iiiing en arid-insoluble chelating agent to aid 
in leaching djareanite without fonring such insoluble materials. 

The present invention relates to a process for ccnductively 
heating A sobteaxanean oil shale fionwtion in a manner arranged Cor 
traducing oil from a subterranean oil shale t or sat i OD which is, 

y$ initially , substantially inrjerjnsable. m ac cord a nce with this 
invention, the portion of oil shale deposit to be treated is 
selected, on the basis of tha variations vith depth in the 
exposition An properties of its oanponents. to have properties 
capable of interacting in a itanner Which enhances the mifannity of 

35 the heat fronts to an extent liauting tha tiro and energy 
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oxpeadituras pr due in 9 thci oil to values equivalent to less than 

the value of the oil which is produced. The selection of tbe 

treatment interval la based on the grade end thickness of the 

portion of oil cbale depoBit to be treated and tbe enJianceaont it 

provides amounts to reducing the aoouut of beat energy lost doe to 

exothermic side reactions and increasing tbe amount of oil 

recovered froro a givon grade of oil shale. 

In accordance with this invention at least tvo valla are 

completed into a subterranean oil shale treatment interval which 

is. substantially iopermeable, contains substantially no uobile 

water, is at least about 30 m thick, la capable of confining fluid 

at procees pressure, at least substantially within the treatment 

interval, and contains a grade aod thickness of oil shale such 

tbat tbe average grade Id gallons of oil plus gas equivalent par 

ton by Fieoher Assay ia at least about 10 and the product of tbe 

grade tines tbe thickness in netre* of the oil shale is at least 

about soo. 

Thus, the present invention provides in a process in 
which oil is produced from a subterranean oil shale deposit by 
extending at least one each of heat-injecting and fluid-producing 
wells into the deposit, establishing a heat-conductive fluid' 
impermeable barrier b*tveen tbe interior of each heat- injecting 
veil and the adjacent deposit, end then heating the interior of 
each heat-injecting well at a temperature sufficient to 
conductive ly heat oil shale karogen and cause pyro lysis products 
to forsp fractures within tbe oil shale deposit through vhlcb the 
pyrolyais products are displaced into at least one production 
vail, an iaprovement for enhancing the uniformity of the beat 
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fronts moving through the oil shale deposit, which comprises r 

determining variatl qg with depth in the composition and 

properties of the oil shale deposit; 

completing Mid heat-in Jeotiog and f luid-pxoducing veils 
selectively into a treataent interval of oil shale in which 
the oil shale deposit (a) is at least about 30 m thick, (b) 
ia substantially impermeable and free of mobile water, 
[c] has a composition and thickness such that the product of 
the average Fischer assay grade tiaee the thicfeness of the 
treatment interval is at least about 900, and 4d) thereby 
contains conponents capable of interacting in a manner 
enhancing the uniformity of a front of conductively 
transmitted heat, with said wella being arranged so that, 
at laaat substantially throughout said treatment interval, 
the veil boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 mj and 

within the interior of each heat-injecting well maintaining 
an avorage temperature which, selectively along said 
treatment interval, is at least about 600°C, but ie not 
high enough to thermally damage equipment within the well, 
while heat la being transmitted, away from the well at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the well. 

In a location In which a subterranean oil shale may 
contain portions vhicb are generally suitable for use as a 



treatment Interval (as described above) but ace ape to be 
permeated by substantially disconnected natural fractures andy r 
plane* s of weakness as trail as being located near boundaries of the 
oil recovery pattern and/or near a potentially active aquifer, the 
operation of the present process can advantageously be combined 
with a use of * guard wells" located near the periphery of the oil 
recovery pattern and/or between a production mil and an agulfer- 
Such guard wells are extended at least substantially throughout 
10 tbe vertical extent of the treatment intervals and the adjacent 

foruatlons are initially heated by thermal conduction In a manner 
similar to that enplpyed in tbe heat-injecting wells, except that 
the guard wells are heated at temperature a which are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thermal expansion of 
the rock matrix of the oil shale deposit. 

in some instances, it nay he desirable to maintain such 

a 
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relatively lew t«rpecatnre guard well hearting throughout at least a 
substantial portico of the shale oil recovery procecw. In other 
instances, altar an initial relatively lew teapBrnture heating of 
the guard wlls, it may bs mJyantageous to teal guard feells art 
about tha tenperature selected xbr the heat-injecting w*21s r iu 
order to expand the pattern of walls from which oil is displaced by 
thermal coroiucticn. 

As used bcrcio regarding the gcade of the portion af col shale 
to be treated/ the "average grade in gallons per tea by Fischer 
Assay" refer* to the following; Tto dstaaraination is or is 
equivalent to a dirtanninatioa conducted Substantially an described 
irj the b&tXA Standard Tfest Method M 3904-80. Crushed rax shale ib 
aanqplfvi by riffle^splittlng. The deterioration of tbo amount of oil 
plus gas equivalent available* • from ail shale is made fay heating tha 
raw shale frra* ambient temperature to 500 A C in cast aiunxinxnn^ 
alloy retorts. Tho vapours distilled from tte sairple are cooled and 
tha condensed fraction is collected, lbs oil and water fractions 
are separated, the water volurw {oonvterted to weight equivalent) is 
nraasured and subtracted Eroo the oil pltts water weight, ©ie weight 
of uncoondoosahlfi gases evolved Igas-plus-loss) is then calcuUted 
by difference, lbs grade*, as used in the "grade times thickness in 
metres of oil shale" product, is the gallons of oil plus 
hydrocarbon gas equivalent corroapendieg to the total weight of oil 
plus hydrocarbon gas evolved by the tu&ttag. 

The wells ere ccqpleted into tiie treatment interval and are 
arrajiged to provide at least one each of heat-injecting and fluid- 
pa-placing veils having boreholes which, substantially throughout 
the troatnmt interval, are substantially parallel and are 
separated by substantially equal distances of at least about 6 nu 
in auuh lioat-irrjectang well, substantially throughout the treatment 
interval, tlio well-surxonnding face of ttte oil shale format ion is 
sealed with a solid imterial and/or cement which is relatively heat 
condnstive and substantially fluid irnpermBabls. In each fUaid- 
proHiTrring w»ll r substantially throughout tho treatment interval, 
fluid ounrftanicatian in fisbablished botuoan the well borehole end 
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tha oil shale faraation and the well, is arranged for pnxfcicing 
fluid iron the* oil shale fornataorw The interior of each, 
heat-injecting i»31 is boated, at least sobBtanHaUy throughout 
tite trcatanant interval, at a rate or rates unrgrhlp of (a) 
increasing tha terpmture within the borehole interior to at least 
abujt 600 °C and (b) naintaiuing a borehole interior tfinparature of 
at least about 600 °C without causing it to beccooa high enough tn 
thc-xsmlly aanage equipceut within the borehole while the rate at 
wMch boat is generated in the borehole is *ub*tBntia31y eojml to 
that permitted by the boat OTrtactivity of the oil shale IcaaiHtion. 

In a preferred axtxAltasnt of the present process, the. notarial 
for scaling the face of Che oil fitoale for ii hiHnn along Che borehole 
of at- Least one heat-injecting well is a closed bnttrxa raring 
qronfced by canmt arranged to fill substantiAlly all iaf the spaae 
between each autexflost netaliic" elewent present within the interior 
of the borehole and toe adjacent fane of the oil shale forrotion, 
with said cement having a thermal conductivity at least 
ei±kstantlally as high as that of the oil shala fonnation. 

Qetenunations an* made- of variations with, depth iii tha 
ocupasiticxi and proparties of the oil shale deposit and, in a 
particularly p re fer r ed procedure, baaed on the variation with depth 
in the heat, conductivity of the oil shalfi deposit, tha heat- 
injecting wells are heated so that relatively higher temperatures 
are applied at daptha adjacent to portione of the oil shale deposit 
in which tha heat conductivity is relatively low. In addition, or 
alternatively, in varims situations, the effective radius of at 
least one haatrdnjecting well is increased by creating an expanded 
portion otf the well boroJtoib and extending beat-ccoducting metal 
element* from within the heated well interior to near the wail of 
tha expanded portion of tha borehole* 

the present process is valuable for use odthin a treatment 
interval of oil shale which contains other valuable minerals such as 
dsmsonice and/or nahoolite. In such a situation the present process 
creates a pentcablii tcoa which 1b selectively located, within the 
treatment interval and substantially within the JxTnadarics of tho 
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w?U pattern used ±ar the oil prcyJhicticru The resultant pcnnoahle 
zone j.s a zons from which sarin other caLntvrals can ha anlDtiorv- 
roined. 

In ge-Dsral, the present invention is applicable to 
5 substantially any subterranean nil .thai* deposit cmtairring an 
interval of eubBtanH ally Impeimrvthlfe oil sha]« which is 
substantially £rco of mobile vater, is irurc than about 30 tu thicfc, 
and has an adequate average grade in gallons per too (Finc^er 
Assay) to give a grada-thockness product ot about 900 or greater* 
10 Ths average grade of the heated interval should be greater than 

about 10 gallon* par ten (Fischer Assay) . within thaea limitations, 
a highar grade~thickn&ss product i.s increasingly desirable if other 
conditions such as depth retrain the sans. 

3te invention will now be explained in greater detail with 
(5 reference to the aoocapanying drawings* in whichs 

Figure 1 shows a plot of relative rate of return (K0 for 1982 
US dollar* invested in install lug and operating the process of the 
present invention, as a function of oil shale grade-thicXncss 
(GCTI1 product, tn produce ahals oil at its 1982 valo-, 
20 Figure 2 illustrates a plot of theznal profiles at an 

observation well regarding temperatures measured at different 
depths (D) and tines within that wall. 

Figure 3 is a plot of the radial thermal profiias at the 
middle of a heated rone altar different tines of heating. 
23 Figure 4 is a plot of thermal conductivities parallel and 

perpendicular to the tedding planes of an oi I shale as a function 
of tenperaturo. 

Figure & is a graph of Fischer Assay yield with c&ptb (D) in 
and above* a hearted portion of subterranean oil shale. 
30 Figures 6 and 7 are plots of horizontal and vortical 

tanperature profiles within a heated portion of afofeexranaan oil 
sl^altt forxnatven. 

Figure 8 is a schematic illustration of a particn of a wll 
ccapletion arrangement sol table for practising the present 
35 i) went icon- 
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vs>Zl pal'tom used tar the oil pro'iucticeu Tba resultant pcrrmoahlQ 
zone is a zond from whicb soon other mintvral* can be snlntlon- 
rowed* 

In general, the present invention L3 applicable to 
S substantially any subtcrrnnaan nil ahate deposit c ont ai ni ng an 
interval of substantially lrr$ttinpflhla oil shale* which is 
substantially froo of uchile Kacer* is ffiurt: than abnut 30 xa thick, 
and has an adequate overage grade In gallons per tm (Piaster 
Assay) to give a grado- thickness piuflu cfc ot about 900 or greater* 
10 Ths average grade of the heated interval should be greater than 

about 10 gallon* per tan [Fischer Assay) - Within tbaaa liroUaUonc, 
a hicjhsr gradc-thictoess product increasingly des i r abl e if other 
conditions sunfa 99 depth rcfl&in the sane. 

ths invention will now be explained in greater detail with 
(5 reference to the aooccpanying drawings < in vliichs 

Figure a shows a plot of relative rate of return CKR] for 1982 
US dollars invested in installing and operating tte proooss of tba 
present invention, as a functiea of oil shale grade-thickness 
(GtfUI) product, to proSace shalQ oil at its 1982 valra, 
20 Figure 2 illustrata* a plot of thermal prof fire at an 

observation well regarding teiqp&raturea raaaaured at rtifferetit 
depths (D) and tinea within that wall. 

Figure a is a plot of the racial thsxraal profilas at the 
middle of a heated cone after different tinea of heating. 
25 Figure 4 ia a plot of thermal oanAictivitiee rarallal and, 

pcnqpendicular to ths tedding planea of an oil shale as a function 
of tccpcr&turo. 

Figure 5 is a graph of Fischer Assay yield with ospth ID) in 
anrf above a haoted portion of subterranean oil shale. 
30 F igures 6 auJ 7 are plots of horizontal and vortical 

twiparature profiles within a heated portion of s\ibterraraan oil 
si^ale fomptven. 

Figure 8 ie a echestttio illustration u£ a partioQ of a *«ll 
ccopletion arrang«srpnt soi table for practising the present 
35 ijwentioo. 



1288043 



- 10 - 

tar sand, Ljungstxoai teaches that tha in nitu heating and 
pyidlyzing should bo dona in a portion of tlte iaEparraeablc formation 
which is vertically contiguous to a well-Inturcuni*cfcinq fracttire 
or a layer which has different geoloijical character and is 
3 perneable to flow of the fluid products of the beating ur 
pyroiysis. 

Contrary to the licplicatinna of such prior -teachings axrt 
beliefs, applicants dlacovored ttvrt. the presently described 
conductive haating process is economically feasible for use in a 
Id substantially Inpermeable subterranean ail shale. This is not 

obvious, particularly in view of the fact that the present process 
uses a much larger well spacing than that used in the Swedish 
process and the present process is conducted by heating the 
injection veils to temperatures of at least about 600 *C (although 

15 600 *C has bean said to bs conducive to an errran ri.rn.13y untenable, 
heat-wttting, encbthezmic reaction^ see the Oil Shalt? Symposium 
Proosedlngs rasntioned above) . 

By means of laboratory and field test a w dam mi mits and 
m a th e m atical models of the present process r applicants have fonnd 

20 that wban the wells aro spaced, completed, and operated as 
presently <fcscribed, the only region in which heat energy is 
utilized in an efttStothermic reaction amounts to leas tnan about 1% 
of tba area to be heated* and tha energy lost in that fashion is 
insignif ioant. A pplica ntg have measured the rate at which 

23 substantially itrporsnaable oil stale formtions axe hnatrrt by 

c<mductivity f and have &t&rtitined the aracunt of heat required for 
pyxolysing ksrogen and thermally pressurising the pyrolysis 
products to pressures capable of fracturing a relatively deep oil 
stale Carnation and thermally displacing pyrolysis products through 

30 tha so-created penneability. 

Iba data obtained by such B&asarenents in tbe field and in the 
laboratory howa been employed in oalculaf ions of power regulro- 
meets, ©canccilcs, tiaw to start pocooVctim, project duration, 
acnount of production, etc., in nathenatical simulations that 

35 correlate with the fiold and laboratory data and irdinate the 
magnitudes of such factors in respect to a full seals process* 
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Tho.se calculations indicate that the presently r>finefl prcoeifs i» 
tha only shale o\\ production pr<xc*» of wht.ch tqvlicantfs arc cacira 
which is capable of economically obtaining oil Crcm a relatively 
lew grade oil bhale forma tirm, soch as one in ^duch the Fischer 
Assay 33 only 15 gallons or less i&r ton. 3his capability can 
Increase tha petroleum rex&cvea of a signiQonnt proportion of the 
oil shale lands by a lacbor of six. in addition, with respect to 
processes for wdexgrouitd mining and audit* ied in situ retnrtijttj al 
oil shale, tho present process iri<p>ifiaantly inrwapes the aaount 
of available resources fay eliminating the naa3 tar support pillars 
and iutorhurden between Brining zonae and by providing a xaeans fur 
treating substantia Uy all of a very thick interval of oil shale. 

The present process can Bdvantafloau*ly be applied to on oil 
ehalje fornaticm in which there ifi significant oancerrtration ol a 
mineral such as tfawoonifca or naboolite. In such a founatinn the 
procans provideu a paxracabls zone from which such a mineral can be 
recovered, in addition r the i s ieseut process is particularly 
advantagscos iii converting dawaonite to water-soluble ocenpounds of 
alu m i nium (probably rhn-almiina) which have been (both chsftdcaily 
and physically) node available for solution-mining to produce the 
aliaajiimn — an essential notorial which is in short rapply wittiin 
the United States. In contrast to many previously proposed 
proceesofi, the process of the present invention requires sub- 
stantially no water, involves naniwal lard disruption/ and can ba 
conducted with minimal atrospharic pollution. 

Figure 1 shews Lhe relative rabe of return for 1982 US dollars 
invested in installing and operating the present proc ess in field 
applanations that have boon nathanatically modelled from data 
obtained by field and laboratory naasursroe-ats. 

TOMEIfi 1 

A !>3xiea of injection and production wells 5s drilled into an 
oil shale fonrutian 40 ra In thicfcneaa with 120 m of overtrade** The 
avexexge. oil grade of the interval i» 20 gallons per ton aa deter- 
mined by ttscber Assay* 

Tte we LI pattern i* a soven-spot witfi each heat injector at 
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tha corner of a regular hnxa^an surrujndlng a central protiJcdncr 
vol!. The spacing is 22.5 & between producers rood ejectors. The 
pattern reports with producers uharing tha injector© in each 
direotlrm and cantiraas to torn a fieldrwida pattern capable of 
5 producing a large quantity of oil. Tfco in3ector-to><praauc«r ratio 
approaches 2 to 1 ib a large field. Tn Fboopln 1 the total oil 
praioction is 25,000 barrels per dgy throughout the llfu of thti 
projects 

Tfce injection veil 9 electrical haatere am canented into the 
JO formation end fymr^-*-^ to a paver scrarco on the snrfene. Ihs 
production tolls arc cquipped vith standard oil field puffps fox 
lifting the produced oil to tha iiurfaea, electrical injection 
rato U 3.23 x 10 fj HUl/well per day. 3fce terftjeratnre of the 
injector* attains 750 ifte production veils roach a terminal 
15 tenparafcure of 300 *c after 33-34 year* of opereticfc. Production 
over this period* averages 5-6 barrels/day par wall, with the 
average amber of active producing wells bfclng fro* about <HM0 to 
5000. EJoat conBUrtjjtion i» 1.1 x 10* DTO/baxrel of liquid oil 
profrirftingu 

20 Gaseous products collected fro* -tha profaction wells ray he 

u4sad for on-site generation of cloctricity or other purposes. Tha 
oil-phaso petroleum *hich ia m> proenced ie superior to con- 
ventionally retorted shale oil. Tbe relative rata of return which 
can be p*r°~*™* txon tha Bfcaapie I situation in illuetratad by the 

2.5 "EX- 1" situation designation on Pignre I. 
fflAHPLS 2 

A series of injection and production wells are drilled into an 
oil shale formation 225 m in thickness with 300 ra of overburden* 
Tha average grade of tha oil shale interval is 26 gallons per tea 

:*D as deterwjued by Fischer assay. 

Tha well pattern is the sane seven-spot described in Example 1 
except the spacing is 13.5 m between walls instead of 22.5 m. Total 
production ia 25,000 borrela/dny U t m g h put the life of the project. 
The injector to producer ratio still approaches 2 to K In tha 

35 wells* the heaters and production eguipraent are similar to those 
described in Kfcanpie 1. 
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'jfcn ftlectrioal infection rate is 10-55 x 10 6 KED/uall per day. 

TVto iniertkn well tcnrj o r a turee reash 7 SO 9 C and the production 

wells xeatii a final tcnpcrature of 100 P C after a production life 

of 9-10 ycsara. Prodnction over this period averages 42-43 

hnrreWd&y per vail, with tha average nuifcx>r of active pr tx luai ng 

5 

wells being abcut 600. The heat consumption is 5«6 v 10 EFTWbarrel 
of 1 i rpri a oil prodDood* 

As in Bxanplft I, gaseous products can be used for oa-sitx; 
paver generation or other purposes and the liquid produce vril] )>c 
bicker in quality than conventionally retorted shala oil* The 
relative rate of return which uan be expected is illUAitruted by tha 
"ESc. 2" situation <Se*ignaticn an Figure 1+ 

'Cable 1 lists conbinations of oil, shale graven, thicknesses 
ana grade~chicknces products Tuhicb are generally suitable for una 
in the present; process* Tha relative positions of such grade 
thickno&s products vith respect to -the relative rate* of financial 
return are illustrated by the designations "Preferred Range" {P.EM 
and "Especially Pxeforred Range 11 (H.P.R.J on Figure 2. 

MB 1 

ftracte {gallons/ top) T hickness <n0 Grade x Thickness 
30 30 900 
20 45 900 
10 90 900 

More desirable grade thickness examples ore shown as follows: 

Grade fcrailonR/trm) tliicJcnoss (a) Grade x Ihiedaieas 

30 150 4500 

?-5 60 1500 

20 300 6000 

IS fiOO 9000 

JD 225 2250 

In general, the higher the grade thickness product the more 
dasiruble. The practical application is Limited only by tte ability 
to haat tha desired interval. 
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Field tt>gt- haasumnflgta 

Teste wars; oogfftnrrtT>rl in en cotcroppirtg or an oil shale 
formation which is typical oi substantially l HperfflR a hl e «v3 
relatively baick oil shaLo dapottits. Thirteen boreholes were 
aril led to depths between 6 and 12 m and iktr arranged to provide 9 
pattern of beafc-ln}ectuxi, observation and tUuar-productian wall*, 
with the boreholas being spaced About 0.6 a apart in order to 
provide a relatively rapid acquisition of data. Baat was injected 
act A rate of about 1000 watts par raetre for five day*. After the 
heat-injection wall tenperatoxe bed reached 4 SO °C r a tcsap^rature 
fdU-ollf test was run for one day. 

Figure 2 shows the vortical thenoal prolilou in an observation 
well, as a function of time* The data was fitted to a natbsraaticaV 
solution describing the tccnpar a l u re distribution around a 
finite-length lim source inside' a medium of tb^rnal conductivity 
(parallel to bedding) 3.25 incal/cw-aec-*C aoJI thsrnnal ocreSuctivifcy 
IparpeiuiLcsilar) 3,25 noal/ctt-snc-^C. **te specific ]teat capacity 
utilized in the oilcaXatiaiis was computed f ram the t h e nrwl 
oendnctivity, thermal difffc»ivity, and averaga bulk density of 
cores recovered during drilling of the wolle. The thernopby'sical 
propsrties for the thfl oil faitaia in which the taettf ware conducted 
are sizmarized in T*ble 2 . 



Figure 3 flhcxf? radial profile* coxcuted for the middle of the 
Ivaatcd zone £c*r varijous beating tixnefl (t) . At the end of a 
bea$eraturc build-up test of 140.5 hours r the. average fonratian 
tarperaturo bestoeec the beater and observation wall uaa 120 °C, 



TRBIB 2 



Initial Reservoir Teoqjeratnre 
Piecher Ageayt 
Bulk Density: 
Thermal Difftieivityi 
Specif io Heat capacity: 



9.8 *C 

20 gallon/tea 
2, 2D gai/ari 3 

—3 2 
6.6 x 10 cm /sec 

0*224 cal/gro °C 
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Figure 4 shews a ocoparison of laboratory values and field 
data relative to tte chaxnal oandtativity parallel tn and 
porpand i n il nr to the bedding planes of the oil ahnlc fornnticn, as 
a function of temperature. The laboratory ocn&tctiviry uoasurttnerxts 
5 were node cn adjacent snowies of cores frcra the observation well, 
usiing rare core* cut parallel to and some cut perparriicular to the 
bedding plana*. A rvi troo^srrttnoaphece texts used to eliminate 
oxidation reaction ♦ The samples were cerc tr alncd in tha vortical 
direction but wara free to expand radially* After the 3arnplo£ vfcre 

10 heated to 800 *C f tha radial expansion averaged \.45%. As shewn in 
tha figures, the laboratory value* are in excellent agreement with 
tha values o nnp it ed frcra the field data. Iho tests indicate that 
the thenral conductivity is lower in the direction perpendicular to 
tha bedding plan©, because, kerogen layers have a lower cendoctivity 

15 than tha dolomite matrix. AC tecpcjcatures below 100 «<:, tha tharual 
conductivity is eassenfcially ieotnopiCr as observed in the field 
tests. But, that amductivity baexznea increasingly anisotropic, aa 
tha fcerogen is reooved (at ten^eraturea between 300 and 400 *C) and 
gas begins to occupy the spaces batman the layera, Above 700 °C, 

20 both the parallel and perpendicular conductivity dBnrpnaa sharply 
due to the dacogp^aiticm of tha dolomite and evolution of oo^. 

When a subtcxramein oil shale, tarnation ia heated the oil 
ahala expands as the benperature inuxoaeaa. Khan tha oil shale 
tiat^urature rea ch e s a kerogsn pyrolyzing tenparatur* {for fflcairplfi, 

25 frcn about 275-325 *c) additional expansion forces axe generated* 
£hc kexogen is converted to fluids capable of occ upy ing a larger 
volume than tha kerogen, and such fluids banco© increasingly 
pressurized When the tenperatuxc is lncr&asod. As more fiind la 
Cxmodd and mora fluid is heated, hydraulically induced fractures 

30 form within tfa© oil ahala fouwtion. 

Fractures which are h/draulioally induced within subterranean 
earth rormationa icons along planes perpendicular to the 2eas& of 
the three principal ccx^rauiive stresses tt.e^ one vertical and 
two mutually perpendicular horizontal uwfpiWH ive stresses) which 
35 exist within any subterranean earth formation. However, whzre the 
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hydraulic fracture* tend to he vortical, horizontal fractures can 
ba forced by lD^jtiitg heated Quids CO that tha ^alLn of the 
vertical fractmeo are heated unrfcU they well shut* Than, by 
increasing the fluid injecticn pressure to greaLer than iworburden 
pressure, a borixontal .fracture can be formed* Such processes for 
thermally inducing th» forrewtion of harizootal fractures by 
injecting externally heated and pressurized fluids aw described in 
patents such as the ab o v e a g pttead US Patent Ito, 2,284,761.;, IB 
Patent No* 3,455/391 bp CP. Hattha» r P. Varrceara And c.w. Vfelek, 
and US Patent Ho« 3,613,785 by P.J. Clooaann* 

applicants have no* discovered that vhen substa nti a l l y 
inrjerjeeatd R atoeerTancan oil shales having the prasantly specified 
ccobinatlon of gxada and thictaoss fceoe cooduntively heated as 
presently epscLfiedr a rare of p^wnhi I ity vaa jSevelcped between 
wells within the oil shale. Although the present invention is not 
premised on any particular nechanisi, in the course of such a 
trc&tirent the heated ell shale beh&vtsS as thnogh it was subjected 
to the abovo-deooribed type of prooaaa for tharjnally inducing the 
formation of horizontal fractures. Such a beharioar was not 
predictable, sinco the pr«Heot process jx operated without any 
injection of any fluid. It appears that when t£e present process is 
operated within an inpenareble oil shala r the in situ generation 
and *.q>laoencitt of heated and highly pressurized fluids occurs at 
the tinea and to the extents needed to successively extend and 
horizontally fracture through successive portions of the oil shale, 
When those portions hprnm condoctively heatod. 3bs zone being 
heated appeaxs to undergo a relatively uniform, horizontal/ radial 
expansion through tfto oil shale, at the rate set by the thermal 
conductivity of the ovi shale, m each successive location in uhlch 
a Xerogsn pyxoly2ing tEfqpBrartura ie reached, fluids appear to be 
formed/ heated and pressurized bo that substantially any vertical 
fractures vihicb ana formed within tin hasted zone are subsequently 
cocjverLtid to barixontal fractures* 

J\pplicant»' tests indicated that substantially all of the 
fluid p/rolyeis products of the oil stale bended to reraxin in or 
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rear tho locations in vhich they were fanned until ttey were 
displaced, thp o .ijh sufogtantially boriaorual fractures, into veils 
adjoining too hsot-iirjecUija wells. In addition, tho fracture- 
inducing pressure o£ fluids an tha horizontal fractures appears to 
haves been reduced as those fluids expended and \rere cooled as ttey 
rawed away from the hottest portions of the baotad zone. 

Thus, the present process seems to ijnduoe tha moving of a zone 
of kerc^eD-fyrolyzix>g temperatures through tha oil shale 
imcediately behind a zona of JUocalized fractnring in v±dch the 
fractured are, or soon becco*, horizontal fractures, heating 
an3 fracturing eaneu seen to undergn a substantially urvifoou 
borisencal/ radial e«panaicn through tha oil shale,, until the rone 
of fracturing reaches a location (such as tha boraholA of a 
production wall) frcn vriiich tbe oil shale pyrolyais products aro 
withdrawn. 

In addition, npp l i ran ts have discovered that, at least whara 
tha overburden pressure ia urall , the zone of penneability that is 
created between adjacent walls retains a significantly high degree 
of permeability after the foraations have cooled. Thus it appears 
that* own if the owertartoi pressure ia high, an a^licatiojv of 
tha present process is capable of forming a t^ii-i n t^r n i n i^Hnfj 
zeno In which the permeability raraina high or can be readily 
restored by an injactacn of fluid after erne or all of tha heat baa 
dissipated* And, the degree and location of that permeability can 
be controlled by corn-rolling the rate of removing fran the 

pro(3ucing veils. 

The data obtained by msasureiceitts in field testa of the type 
described above want incluaive of: the thermal conductivity of tbe 
oil shale fancetnen* the anoint of oil recoverable by Fischer 
analyr>i& at various depths within hearted intervals of the oil shale 
before and after heating, the measurement of the asoont of 
pymlysis products rsosMSced, and the like. While 
oxisted between heat injectors and prodooero at teat start-up, 
injec t inn s at the end of the test derocnBtxatfidi t)iat pexreable 
channels bad formed, Bin results of standard engineering 



- 18 - 

calculations were L*iiuat3.vw of the applicability of a conc e pt of 
the type Gwcritoed above to the results obtained by the tests. 

rigors 5 is a gtapb of Fiachw Assay yields, fruit the tarqfrt. 
zorc in the field ne*t # as a functim of dfipth n. tfce heated 
5 interval extended from 4.2 bo 6 w- Tim solid curve shows the yields 
h«fore the heating trwErtjmitt and the. dashed curve show* the yields 
after TCtrcti&g was ocnplttted. <0ie yioldfi baforw and after w?.rcs 
osssntially the sane cutfiido tta heated interval. T3« trcasuroments 
were (nade oa cores freni the centre of the pattern before heating 
iu and on cores about 15 an away after heating* Thy variations Which 
are apparent in thosa yields are within the normal limits of 
accuracy for the Treasuring of. such values. 

Wittun the heated interval tho Fischer Assay yieJd drops frco 
an average of 20 gallona/tan- before the test to less than 2 
JS gallons/ton after heating. Ihe retorting efficiency within the 
process eons *»r thus better than 901 of P$«cher Assay. 

Tte pattern and extent of tho recovery confirms the tact that 
little oil wis lost ovtr the ptoducuig hQri2czi through vertical 
fractures. In addition, the uniformity in ret or ting efficiency 
20 through the heated zone, Indicates that thenoal fronts were 
apprGKlmatGiy uniform over most of tho heated interval* 

The uniformity of the thermal fronts is evert mare apparent ia 
Figures 6 and 7. nhey stow horizontal and vertical temperature 
profiles calculated for a »?et of vertical beaters in a five-spot 
2. r j square pattern. She set uaad in the calculations included four heat 
injectors and one centre producer (not ahcwi/ hut centered batwaan 
the beaters shown on the figures) . Cad) hcator was assuned to be 
24 m long and heated ab the rate of B14 W/nw 

'ihe profiles in figure f> (graphs of tenporatur© variations 
30 with distance* frcro the heatera) were calculated along a horizontal 
sagiuaat I^I^ which extends bhrcugh the add-^oints of heaters at 
npposite coxnars of the nqnare* Figure 7 is a fit ml lar graph of 
profiles along a vertical segment 1^1^ on the axis of eyemetry of 
the pattern. 

35 Such calculations indicate that by the tine retorting 
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teajjeratxirea (27S-3315 °C) arc reachad at the centre of the pattern, 
note than 87* of its volune has boon converted whila enly about 14* 
of the converted voiunu «at heated to norc than 325 *C FUrthennore^ 
the calculations indicate that if tbe pewex is turned off or 
rednrwS before tte ccrrtrt? mau t iea a taxgwt tejrpcrAtuLB such as 
325 *C, the Swelling off of tbe thermal fnonU will still beat the 
centre o£ the pattern to retorting tsap&ratum and will also 
reduce tha teasjeratnre rise at the h&afcera. UrLa code of operation 
can ensure that lG3a then lot of the heated volusfc ia boat** to 
nor* than 325 9 C« and thus cad increase the thermal efficieaxy of 
the process* 

In view of tha above test rraal.ts and the c a lm I nHn n* hawed 
an those results, it apoeana that, contra to the prior teaching* 
and beliefs/ tbe initial iiopimtaahility of an oil shale deposit can 
b3 utilised as an advantage, r Tho initial imperneability confines 
the fluids and fmctnzts vitrdii the well pattern, sines oo 
pacneabUity exists until the boos between the heat-injecting and 
fluidHproduciiig *«ll3 becooe pennggihad by a pattern of heat-induced 
horizontal £i«u:Uu&9# 

in tha present pcoca-wj, the rate at which heat is transmitted 
into the oil shale deposit is strongly affected by the tailor* Lure 
gradient between a heat-in j ectlng well and the sui rounding earth 
fontufcion. In a preferred procedure, tha determinations of 
variations tfltb depth in the composition and properties of the oil 
flhale deposit include a determination of the pattern of neat 
conductivity with depth within the earth foxBatiOBs adjacent to the 
heat-in j acting well. Based on such dateisninatiaaa tte tewperettures 
to which at least one heat-injecting veil is heated axis arranged to 
ba relatively hiaj) at the depths at which tha heat conductivities 
of tha adjacent earth eomatio ns arc relatively low* This tends to 
causa the rats at which heat ie transmitted, t h ro ugh the earth 
Carnations oo he substantially uniform along the axis of the 
fcaat-iToecting well- Rx*» prcoadnres can be utilized in order to 
provide higher temperatures in portions of heat injecting wells 
adiaognt to earth formations of relatively low heat condoctivity. 
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For example, in wells vhich ere being heated by lectrioal 
resistances, additional resistant eleoents can be positioned at 
the location at Bbich extra heating is required, preferably with 
precautions being taken to avoid the creation of "run -aw ay hot- 
spots H due to increasing teitperature further increasing the 
resistance and thus further increasing the heating, for example, 
aa described in the commonly asoiguau* Canadian patent application 
Serial Ho. 495,854 filed November 21, 1985, by P. VaoHeuxa and 
CP. Van Rgroond, In valla being heated by combustion, no re, or 
larger, or more heavily fired, burner elenents can be pceitloned 
lo auch location*. 

Suitable determinations of compositions and proper tiei 
of thB mineral* and/or organic components of an oil ahale deposit 
and the variations with depth in such properties can be nade by 
roeanB of known veil logging, reservoir sampling, and the life* 
analytical procedures, The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc. for exa&ple, the variations with depth in the beat 
conductivity of toe, adjacent formations can be determined by 
calculations based on the kinds and anounts of materials pre Bent r 
and; or by thermal conductivity logging measurements,- etc. Ufl 
Patent Bo, 3,607,227 describes a logging tool containing a 
constant output beat source and three temperature senaora for 
obtaining a log of relative thermal conductivity with depths ys 
Patent no. 3,692,129 describes logging cased or open boreholes for 
temperature, specific beat and theraal conductivity, employing a 
constant output heat source and three temperature sensors. US 
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Patent No. 3,864,969 describee a logger £ r caking station 
measurements of t barrel conductivity by heating a formation (or a 
tint then measuring the rate at which the temperature decays back 
to tfaa ambient teaper store. US P&tect tfo. 3/961,267 describes 
logging thersal conductivity of a cased veil by measuring the 
temperature of the casing wall before and after passing a he a tad 
probe along the vail. 

As indicated above, even with respect to t five- spot 
pattern in vbich a single fluid- producing veil is surrounded by 
four boat-injecting veils, substantially all of. tbe intervenlag 
oil 
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shale can be both retorted and imdtt perraable. However, the present 
invention is preferably coplayod iii a suiie& of cu c iti gcnciB seven* 
or tturtecD-spct patterns — in either ol whirh patterns 
(particularly in the thirteen-qxjt pattern) the retorting rotu ia 
signif iranrtly inanensed by having earh f J4Jid-pxcrtocli5g well 
surrounded by six or twelve heat- injecting wells. 

the veils used in the present proee&Si can ba corpiated by 
mibatantially any matted for cM31ing a borehole into &r*Vor 
opening a pane-eadating borehole into fluid ooRiramication with the 
subterranean oil shale ioraetian to be u£&d as sm oU shale 
treatment interval. In addition to having the specified abamcw of 
significant amounts of nncdle water, thickness, and grade of oil 
stale, the Interval to which the puua u at process is applied ghn»ir! 
be capable of confining fluid at least substantially within the 
treatment interval, at least in respect to alloying no significant 
leakage into overlying locations when the pressure of the fluid 
reaches prcceitB pressurer and fractures the formation within the 
treatment interval. The boreholes of wells onrrpleted to: usw in Che 
prcaanft process should be substantially pnralUI and separated by 
BubHtantia31y equal distances of at least about 6 jo. BoxeJiole 
ssparatiun tttstanues between injectors and prooucecs of from about 
9 to 30 en are particularly suitable. Boreholes free of deviations 
from parallel. Which cau9s variations of mere than about 20 per cent 
of the wall distances axe particularly suitable. 

in the beafc-injecfcjng wells used in the present process , the 
cement or otfuettt-lifca material which is used to seal aloog the face 
of the oil steAe fcrxcatien is preferably relatively heat.-cccdnctive 
and substantially fliud-inpexjneable. Particularly preferred cements 
are. stable at temperatures of at least about 800 °C, have a 
relatively high ttwrml conductivities, relatively lew permeability, 
little or no shrinkage, an adequate ease of punpabiliiy and good 
ctonical resistance, etc. The permeability end disposition of the 
sealing material should provicJe a seal capable of preventing any 
significant amount of fluid flew between the interior of the 
borehole and the face of the oil shale formation, so that the 
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transfer of heat Crest the *uii to the formation is sabntenrially 
«ntireJy fey conduction, tiheze portico* of the heat-injecting wall 
borehole are efyectivelv increased in diasetcr near upper and la*** 
cxtrcs&itiefi of thu treatment interval, fox example / by unflcr- 
5 reaj&ing* the dlaattt&rs of the increased portion* are preferably at 
least about 110% of Lhe nominal bcatthfile dianoeter* Catcdnu 
aiinrinate-bonded concretes aid/or ceman l fl containing alumina- 
siliurte aggregates (or fine particles) are particularly suitablo 
for use as such fontcrtinn face^fiealing notorial** ftcanptes of 

10 suitable cements and concretes include, ttoee described iti 05 
patents such as 3,37*, 232; 3,507,332 and 3,595,642. 

Figure 8 shoe* a portion of a heat-injecting wall bcarctoie, 
borehole I, which is suitable for use in the present invention and 
is located within a txootftent interval of subterranean oi 1 shale 

15 deposit, taceholc 1 ocntains wnlargud purtiens, wch on porticos 2 
mid 3, which can be ftvrrod toy oaweatSonal proocdorcs such as 
uz^rrcaznxng during drilling/ etd h casing 4 is shown positioned 
within the borehole and t vnwntyrf into place with a fluid* 
ijtperineablo, lYMte-cooductive- Material, each a& oatentu 

20 Within each enlarged borehole portion, tho casing 4 is 

equipped with at least one b^at-ooovioctive metal element, such as 
collar 6, containing radially extensive elertanta or portions, such 
as fXexlble metal xaenfcers 7. Boch hcatroonduetivo xeafacrials form 
relatively highly conductive paths for conducting heat frcro within 

25 the interior of a borehole, to substantially the wail of an enlarged 
portion of the borehole, ixanples of suitable teat-conductive netal 
eleirenfcs imcltEfa metal wall scratchers, turtrolereoa inducers, 
central izers and ths lite such as a uaramr-lek Turhcecfider, or 
Boltkak TVirhohooder, available fxcxa Bakerliro division of Baker Oil 

30 lools or a 101 Bar 8 ccntralizur available from Antelope Oil Tool 
artf toTutacturing Ccwpary, etc. 

With an axangea g nt; of the type shorn in Figure 8, at least to 
azicc toctwst, the IlixxL of beat trangnitted away frcn a heat- 
injecting well can be made voxn uniform along a vertical lin» 

J5 traversing a layer of relatively lev heat conductivity without -tba 
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necessity of maintaining a higher tenperature in the portion of the 
ucU adjacent to that Layer. Whan a uniiouo taJSMtature 38 
wa-irrt-Mrwa within the interior of the borehole, the earth formation 
face aloe*? *ucb an enlarged portion of the borehole bcoantes boated 
5 bo substantially the sane tsc^jaratnre as the fbrsoatton face along 
narrower portions of the, borehole. Sines* t*m face of the fonnatioa 
atrjojniTig the borehole is boarbod to tha highest toqjeratnre of any 
portion in the fozsaticn, lbs beopexafcurc gradient extending 
radially as«ay frcra the enlarged portion of the boa*Hxde is shifted 

w radially away frort the, borehuJe. 

Tx\ geraral, tha heating of tha interior of tha heat-inj*cting 
well en be ecccapliahed by substantially any type of faeatiraj 
device, such as «nbu*ticn «nd/or electrical type of heating 
oLements, or that like. Tha boating element stould extend 

*5 substantially throughout th& treatxnent interval (preferably 

throughout at ]f«st about 60 per cent of that interval) . Where a 
coofcustim type Ipntinj element is used, a gas-fired heater la 
praf erred. 3ba fuel and oxidants fijr a cxntaetian hsater (such as 
methane and arygsn] arc preferably aL^plied trouah separate 

20 conduita leading through a heat exebangar in which the fnrrwrin g 

fluids are heated by tha outplacing ccofcustica products. Ifco bu rnar 
liousing and conduits of a oovbuBtinn heater, are preferably 

installed within a wall conduit vtoich is surrounded by an annular 
apace that is filled by the cement fox sealing tbe face of tha oil 

25 shala. Generally suitable types of conbostion heaters Which could 
be arranged for use in the present process are riftftrHhrvS in us 
Patents each as 2,670, BQ2| 2,780,450 and 2,902,270, 

An electrical resistanoe hontcx is particularly suitable for 
heating tba interior of a haat-injecting well in tba present 

'3D process. A plurality of resistance cl&neots are preferably n»3. 
Tbe meiatanc* eleraents can be ncuntad within or external to en 
internal conduit or rod, or sdnply extended into the borehole, Whan 
thn resistances are external to, or are free of a supporting 
element, such as a conduit or rcd r they are preferably embedded in 

35 the ccracnt wJiich Deals t]te faoa of tha oil shale along tba 
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hyry^-ofrt- interval* GeneraUy suitable types of electrical heatere 
which could be arranged fcr nee Sn the present process ore 
daficrihed in US Patents SUCfc aw 2, 472, 445 r 2,4M,063 ? 2,670,803| 
2,732,195 and 2,9S4,826. 
5 In various reservoir eltaaticns, portions of an dl ahal* 

dc&a&it which would, in general, he suitable for urtwa treatment 
interval, a* described in cur parent anp)jcatiOD, flay bo paiBttttted 
by natural fractures and/or planes of weakness. &ieh relatively 
weak, rocks ray undergo relatively long extensions of vertical 

10 fisacturee when prwwurised fluldft being ru ' ^l n oa d eaey frm an 

injectioa wall o**e into ttan^ This rocy result in extending fluid 
passageways Jxjyand tho qpenings into production we!3e Brd/or into 
adjacent aquifers capable of causing an inflow of Kater to bd 
extent detrimental to the oil recovery process. 

j5 we. have nu* discovered trot such prpoature fracture extensions 

can be avoided by drilling and heating "guard walla" within such 
relatively weak oil shalo zones in locations surrouniin^ a Pattern 
of heat injecting and fluid producing wells and/or in lon n+inrt s 
intermittent, between a heat injecting or fluid producing well and 

20 an adjacent aquifer. Such guard wells are used for Cvsnductively 
heating Che adjoining formations substantially throughout the oil 
nhale interval bo be treated to a temperature which is too low to 
gasify significant proportions of the oil shale organic ccnccnents 
but is high enough to ceu&£ & significant tharroal expansion of trie 

25 rocks* Mien those rocks axe heated the natural fractures ore kept 
closed and the fracturing caused by the approaching pressurized 
fluids (displaced away from he*t-in}ecting walls> tends to be 
litoitod to horizontal fractures concentrated alorg tha aides nearest 
to the hsat->njec*utg wells. *toer© fluid producing walls ere 

30 located substantially between the heat- injecting wile and the 

guar** wells, the fractures arc preferentially extended into those 
wells, vbere the high fluid pressures are quickly reduced by the 
pnxluction of the inflowing fluid. 

The encountering of such relatively weak reservoir rocks is 

33 apt tx> be indicated by on inflow of veter into wet 1b dril led into 
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such xocka* BJ gssaralr the natural ficactflKi* errating 0 relative 
weakness airi/or water inTlow can be theamlly cloGtxS by a 
relatively mild h»«ting r a* Long a* tho fracturo porosity Is Dot 
ttore. tN" about 5 per cent* 
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1. In a process in which oil is prodnoad fma a subterranean oil 
fthala- asgosit by extending tit luast one each of heat-in ^acting and 
£ lnid-producing Mel 3 9 into the deposit, fefitflbl Ishitg a bast- 
conductive fliridyinsexneafcle barrier between the interior of each 
5 he^-injccting wall and tha adjacent depqait, and than heating the 
interior of each heat-in jocting wall at a teiperatnni sufficient to 
cOnductiveAy heat oil shale terogsn and cause pyrolysls product* to 
fiom fractures within the oil shale deposit through which the 
pymlysift products arc displaced into at least one production well, 
•0 an i mtauvw DBnt Cor enhancing' the- unifonfiity of the liaat fronts 
moving through the oil shale deposit, tfeicb cenprifiesi 

detexmning variations with depth in the caaacait5ou and 
properties of tha oil shale deposit; 
completing mid haat-injfccting end f hri ii-p ti o rtnrring fcell* 
15 selectively into a treatment, Interval of oil ahals in which 

the oil abate deposit (a) is at least about 30 ro thick p fb) is 
substantially imparniaable and -free of nobile uater, (c) has a 
ocovoaltloei and thickn&»© &dch that the product of tlie average 
Fischer Assay gre3e times the thickness of the treatment 
20 interval ia at least start 900, and (d) thereby contains 

caopcaients capable of interacting in a toona&r enhancing tfau 
unifornrity of a front of condactiroly transaittod haat, with 
**iA wells bain? arranged ao that, at least substantially 
chxco^hsnt said treatment interval, the wall boreholes are 
25 substantially t>&rallel and arw eaparatad by sifcstaaortlaliy 

eguaX distances of at least about 6 nu. and 
- within the interior of each hept^injecting wall naintainong an 
aY&n&jB texparature which, selectively alono said treatment 
intarval, is at least about €00 *C, hot is not high enough to 
3° thermally damage oqniingnt within the well, while beat la 

being transmitted away from the veil at a rate not slgnl- 



flcentiy f astar then that peindttad by the tharmal con- 
Activities of the earth £amutiaii& aajaucnt to tha baotad 
interval within the we VI. 

2 . The process of claim 1 in which, to the extent required to 
5 keep th» rata at which heat is transnitte3 Ui r cug h the oil Shale 

deposit cubotantially unife*™ along tb^ axes of tha heated interval 
of the heaJ>iDjecting veil, the t^qparaturo at taiicb at 
least cm heat-injecting wall is heated is relatively higher At 
depth* adtjaoant to portions of the oil stele d e posi t in which the 
10 boat oonductivitifts are relatively lamr, 

3. She process of claim 1 in which tha rota of heating tha 
inbarte of at least era heatHuajecting well is varied to em csteaat 
causing an effective levelling off of Che eternal front so that the 
rata of advance through the oil shale of the thamel Grant i» 

(5 flmrir™^ at substantially tha ame rate While the rate of increase 
of tha *snp*rature tritfiin the boreholo is si^aificantly rodoced. 

4. Tha proses* of claim 1 is \ddcto the heat-j«je=ting and 
Quid-producing veils are arranged in a series of contiguous 
patterns in Hhicii each fluid-producing vail is surrojndad by at 

20 laest four teat-injeefcing wells. 

3, Tha prooaBB of claim 4 in which each fluift^rodtfcing veil is 
sttrtttunded ty twelve heat-in ijeufcLng wella* 
6* l r ue process of claijo 1 in which tha oil shale grado is at 
least about 20 gallons par ton and tha gtaderthicteess product is 

23 at least about 45-M, 

7. she process of claim l r corpriAiag the stops of 

in each heat-injecting «el3 r substantially throughout the 
treatment interval, sealing the face of tha oil shale formation 
with a solid notarial which la relatively heat«coodnctiva and 

30 substantially fluid iHperm&ablej 

in at least one heat-injecthag veil increasing the effective 
dim) tar of the bccehola in at least cue portion of the treatmen t 
interval and aatbaadirkg at least ma faeatrttfodactive martal element 
from within the i n+^ry Q f the borehole to naar the face of the 

33 Qo-erQargped portico of the borehole;, and 

in each ilulcVproduoing wall, substantially throaghcut th* 
treatment Interval, establishing fluid cransmicatLcn between the 
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tore and the oil shale fdznatico and arranging the wtU tor 
producing fJnirt from the oil shale foxxatiOD. 

B. The process of dai» 7 in vhlc* tin ratsriai saalin? th» fooa 
of th& oil shale formation alone) the borwbolc of a bsat-in>ctiog 
well i-5 a cesrrat 3TT™y* to fill substantially all of the space 
betwtea the outoxnost a&tallicr elstosntft within tho Interior of the 
botetole and the face of the oil shale fonnatlcn, «ic*v s?cW oenaesnt 
having a thermal apiuiuctj.vity at Jeast Btfj*t**ittally as high as 
that of tho oil shalti formation. 

9. The process of claim 1 in ttfxich at least era veil located near 
an edge of a pattern of heat-injecting and fluid-producing valla is 
axt*£idad substantially throughout tfaa txwrtmeJtt interval and touted 
at a tsnperaturtt high efttcgh to cause a t hwriml e^Eiodirg and/ or 
compressive stressing of thaadjaoant earth formations hot low 
enough to avoid significant thermal Mbbali*ation of organic 
CQDpuoents of tiai oil ahala. 

10. The process of claim 9 in which at least ona so heated veil is 
subsequently boated at about the teaporatmre selected for the 
heating of the heat-Injecting veils being employed - 

11. Ene process of claim 1 in vMch the wll hoT Ph-) lBC of said 
ha&t-irtje^tioa and flpid producing walls are separated fay 
substantially equal distances of about 9 to 30 



Smart KjiQfrT 
Ottawa, Canada 
Patent Agents 



EARB04 



ABSTRACT 
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shale oil is subsequently pacodtaoed frcn a auboara ng an 
interval of oil state, wtare tlie interval is initially 
substantially jnpsmesdaXe and contain* a specified gcade and. 
thickness of oil shala. Said interval in conduct twoty heated tram 
borehole iirtariara which are kopt hotter than about 600 *C and are 
heated at a rate such that kerogsn pyrolysia products foorned within 
the oil shale create and £la* through harlemta! fractarea tfhijdh 
subeeguently beoaoo cortoodsd into fUiid^proaitclog walls that are 
positioned in g pwe i fied locations* 



